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Open surgical repair of children less than 13 years
old with lower extremity vascular injury
Michael C. Dalsing, MD, Dolores F. Cikrit, MD, and Alan P. Sawchuk, MD, Indianapolis, Ind
Purpose: We sought to review the diagnosis and treatment of children with lower extremity vascular injury.
Methods:We performed a query of our vascular surgery database from 1996 through 2002 to determine those with lower
extremity vascular injuries requiring surgery who were also less than 13 years of age. Patient demographics, presentation,
cause, surgical specifics, and outcome were sought.
Results: Six children (2 girls and 4 boys) with an average age of 6.8 years (range, 2-9 years) were found. The causes were
3 blunt injuries, 2 iatrogenic injuries, and 1 penetrating injury. Associated injuries were common. There were 3 femoral
and 3 popliteal artery injuries. Two were pseudoaneurysms (common femoral and popliteal artery), and 4 were acute
occlusions, of which 3 experienced a delay in diagnosis. There was one primary below-knee amputation. Four reverse vein
bypasses were performed, and one vein patch repair of a pseudoaneurysm was performed. Generally, 7 to 9 O interrupted
Prolene (Ethicon, Inc, Somerville, NJ) repairs were performed. A delay in diagnosis (2 blunt injuries) resulted in 2 major
amputations and 1 insensate foot. Four reconstructions are functioning with viable limbs (follow-up, 5-49 months). An
associated brain injury resulted in the only death.
Conclusions: Vascular blunt injury is especially insidious in children. However, an aggressive approach of vascular repair,
even extensive bypasses with reverse vein, will allow limb salvage in the absence of a diagnostic delay. ( J Vasc Surg 2005;
41:983-7.)Vascular injury in a child is concerning for a number of
reasons, including the small size of the vessels, the propen-
sity to vasospasm, and the scarcity of data available to direct
optimal care of these patients.
This retrospective study was undertaken to determine
how children with lower extremity vascular injuries cur-
rently present to the vascular surgeon, what studies are
useful in confirming the injury, what was done, and the
outcome. The ultimate purpose is to present findings for
others to use as they manage these children, to confirm the
validity of the care given, and, if the care is found to be
deficient, to modify our approach to allow future improve-
ments in management.
METHODS
The Indiana University School of Medicine Vascular
Surgery Section maintains a database (Vascubase; Concen-
sus, Inc, Seattle, Wash) of all vascular interventions per-
formed by our staff at the Clarian Hospital System (Meth-
odist, University, and Riley) and the city hospital, Wishard
Memorial. One of the Clarian system hospitals is a regional
children’s hospital, whereas the other 2 are tertiary-
quaternary care facilities. The protocol and conduct of this
retrospective study was approved by institutional review
board review.
Query of this database for all vascular operations per-
formed in children less than 13 years of age for a cause of
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conducted for a 7-year period concluding at the end of
2002. Thirteen years of age was chosen as the cutoff point
to ensure that the patients studied were physically children.
Data would suggest that the majority of children less than
13 years of age would not have obtained more than 90% of
their adult height and weight and certainly less among the
younger age groups.1 Patient demographics, injury presen-
tation, cause, diagnostic methods used, surgical specifics,
and outcome were determined on the basis of information
included in the database and supplemented by chart review
(hospital records, clinic, and noninvasive laboratory data).
A delay in diagnosis (6 hours) was defined as a missed or
unrecognized vascular injury that might adversely affect
limb viability. The vascular surgeons involved in this study
aggressively attempt vascular repair for limb salvage unless
the patient’s life is at risk.
After repair, the patients were instructed to return for
follow-up, as would be routine for an adult requiring lower
extremity bypass grafting for limb salvage. The suggested
bypass surveillance was every 3 months for the first year and
then every 6 months. Follow-up continued to September
2004 in all patients when possible.
The operating surgeon conducted a history and
physical examination at each visit and obtained appropri-
ate noninvasive studies. The vascular laboratories used
for our patients are Intersocietal Commission for the
Accreditation of Vascular Laboratories accredited and
have established diagnostic protocols. Importantly, stan-
dard parameters were used to determine significant lower
extremity graft stenosis (50%) and a graft in jeopardy
(  75% stenosis).2-4 A localized doubling of the graft
diameter, compared within the graft and compared with
the native artery, was considered aneurysmal, whereas a
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RESULTS
Most children (83%) had associated problems related to
trauma or burns (Table I). Male subjects outnumbered
female subjects 2 to 1, with an average age of 6.8 years and
an average weight of 25.4 kg. Signs of acute limb ischemia
or the presence of a pulsatile mass was noted in those
patients available for preoperative evaluation.4 Angiogra-
phy confirmed the presence of a distal vessel in a case of
acute ischemia, and no pulses were noted on Doppler
examination. Fig 1 is a representative angiogram of the
child (patient 2) who fell from his bicycle and sustained a
popliteal artery occlusion with pseudoaneurysm. It demon-
strated the location of proximal and distal vessel patency,
which improved the preoperative planning and suggested
the need for a lengthy bypass graft. Duplex scanning estab-
lished the correct diagnosis in the 2 cases in which it was
used.
In 4 cases the length of arterial injury was extensive,
requiring bypass grafting with a vein, most commonly with
the reverse great saphenous vein (GSV),3 by using a small-
diameter nonabsorbable suture in an interrupted fashion
(Table II). The lengths of the bypass grafts were not
precisely measured at the time of the operation, but on the
basis of the children’s height and the surgical description,
the bypass grafts were approximately 5 to 10 cm in length.
Fig 2 shows the length of vein required to bridge the
vascular damage that was present in patient 4, the case of a
propeller injury. During the conduct of these operations,
the patients were given heparin to obtain systemic antico-
agulation; papaverine was judiciously injected within the
graft and distal vasculature, as well as liberally applied
externally; and all operations were performed under at least
Table I. Patient demographics and the cause and diagnos
Patient
no.
Age
(y) Sex
Weight
(kg)
Height
(cm) Cause
1 7.1 F 21.0 119.4 Fall off porch Cold
2 7.8 M 20.3 116.8 Fall off bike Popli
cla
3 9.2 M 37.0 121.9 Crush by picnic
table
Cold
4 8.5 M 33.8 116.8 Boat propeller Intra
fro
5 6.1 F 28.4 ? Muscle flap
failure
Cold
6 2.3 M 12.0 88.4 Arterial line Groin
(1
MSOF, Multiple systems organ failure; ABI, ankle/brachial index; MRA, m
*Suture was always Prolene (Ethicon, Inc, Somerville, NJ).3.5 loupe magnification. The use of vessel loops, softcoronary bulldog clamps, or both for vascular control was
standard care. Small-diameter (2F or 3F) Fogarty embolec-
tomy catheters were used in the setting of acute thrombosis
to clear the proximal and distal vascular beds of clot. The
anastomoses were spatulated to a length of at least 2 times
the diameter of the vessel being repaired, where possible.
Dilation through the near-completed anastomosis pro-
vascular injury
ptoms Diagnostics Associated injury
less limb No Doppler signals Subdural, intracranial
hemorrhage, MSOF
ulsatile mass,
tion
ABI — 0.6 duplex scan
MRA/MRV
arteriogram
None
less limb No Doppler signals,
arteriogram
Contralateral limb
trauma
tive bleeding
or bypass
Intraoperative
consultation
Pelvis-contralateral
limb trauma
less limb Intraoperative
consultation
Re-exploration for
muscle flap failure
to improve limb
contracture (after
burn)
atile mass Duplex scan Acute burn
ic resonance angiography; MRV, magnetic resonance venography.
Fig 1. The angiogram shown demonstrates a stenosis of the
midpopliteal artery (short arrow) with pseudoaneurysm (long ar-
row) in addition to distal occlusion and then reconstitution of the
distal popliteal artery (patient 2).is of
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cm)vided a method to relieve vasospasm and to confirm a
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cerns, heparin administered during the operation was not
reversed, and systemic anticoagulation was not provided
postoperatively. Postoperative anticoagulation was pro-
vided to the patient requiring thrombolysis to attain sec-
ondary patency (patient 3) and in the patient requiring
reconstruction for a failed and bleeding prior lower extrem-
ity vein bypass graft (patient 4).
An obvious delay in diagnosis occurred only in patients
with acute limb ischemia and resulted in 2 major amputa-
tions and 1 insensate lower leg (Table III). In patients 1 and
3 the initial care was provided at another facility, with
indications that a delay in dealing with the vascular injury
might well have been measured in days. Patient 3 had
undergone a fasciotomy 5 days before transfer to our
facility. The initial bypass graft failed rapidly but was sal-
vaged through reoperation and intraoperative thromboly-
sis. The patient experienced an insensate but surprisingly
functional limb. Patient 5 had a major burn contracture of
her only remaining leg, with significant surgical effort being
Table II. Location and type of vascular injury and method
Patient
no. Vessel Injury type a
1 (L) popliteal artery Thrombosis B
2 (R) popliteal artery Pseudoaneurysm, occlusion
3 (L) popliteal artery Occlusion
4 (L) femoral artery Prior bypass bleeding
5 (R) femoral artery Occlusion
6 (L) CFA Pseudoaneurysm
L, Left; BKA, below knee amputation; R, right; GSV, great saphenous vein
Fig 2. This operative photograph shows a debrided anterior
thigh with reverse GSV bypass (highlighted by arrows) lying di-
rectly in the middle of the leg connecting the proximal superficial
femoral artery with the above-knee popliteal artery (patient 4).
Ultimately, the graft was covered with a muscle flap.undertaken to lengthen and sustain a useable limb. Exam-ination for distal viability was difficult, and her femoral
artery might have occluded within a several-day period,
eventually resulting in the need for an above-knee amputa-
tion. There were no other operative complications associ-
ated with the vascular repairs. Themean follow-up for the 4
remaining patients with patent arterial repairs is 28months,
with a maximum of 49 months. All 4 had segmental pres-
sure studies demonstrating an ankle/brachial index of
greater than 1. Duplex evaluation of 2 reverse saphenous
bypass grafts demonstrated no areas of stenosis or dilation
at 21 and 37 months of follow-up. The final child with a
patent saphenous vein bypass could not return to our
institution for duplex study, but a segmental pressure study
was obtained in a local institution. Each child, even the
patient with the insensate foot, has returned to essentially
normal activities for age.
DISCUSSION
Pediatric vascular trauma is rare, accounting for about
1% of pediatric trauma admissions in one multicenter expe-
rience.5 The cause of pediatric vascular trauma is age de-
pendent. Iatrogenic injuries are most common during the
first 2 years of life, with vascular injuries in older children
and adolescents being penetrating in nature, and up to 38%
of cases in the young or middle-aged child caused by blunt
truama.5-13 In particular, lower extremity arterial injury
accounts for only 30% of the reported pediatric vascular
trauma cases; however, blunt injuries appear to be concen-
trated in the lower limbs.5 Seventy percent of blunt-impact
vascular trauma is reported to occur in the lower ex-
tremity.5 In the current series, blunt injuries were most
common (50%), and this might be explained by our age
criteria (average age, 6.8 years), the fact that no child less
than 2 years of age was involved, the referral base of our
hospital system, and the limitation of injury to the lower
extremity.
Bicycle-related injuries, falls, and collisions with mov-
ing objects are quite frequent, with more than 100 per year
noted from a single level 1 pediatric trauma center and
concentrated in the 6- to 10-year-old age group.14 Simi-
larly, pediatric trauma occurring as a result of small water-
craft accidents is being increasingly observed, and it is
recognized that propellers can cause vascular injuries.9,15
epair used in childhood trauma
ary
tion
Repair
Material Type Suture Method
Reverse GSV Bypass 7”O” Interrupted
Reverse GSV Bypass 7”O” Triangulated
Reverse GSV Bypass 8”O” Interrupted
External jugular vein Bypass 9”O” Interrupted
Local vein (everted) Patch 8”O” Running
, common femoral artery.of r
Prim
mputa
KAOur small series noted one case of each, emphasizing that
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childhood activities.
The clinical diagnosis of penetrating and iatrogenic
lower extremity injury in our series was usually quite appar-
ent, and therefore diagnostic delays were unlikely. The
presentation of blunt-impact extremity vascular trauma was
less apparent. The potential for an insidious presentation of
blunt vascular trauma, overshadowed by associated injuries
or simply missed, is well recognized.5 Blunt trauma around
the knee joint is notorious for missed vascular injury, po-
tentially leading to a nonfunctioning limb or amputa-
tion.5,12 Two of our 3 patients with blunt trauma to the
popliteal region did experience significant limb ischemia as
a results of a delay in diagnosis. An aggressive attempt to
salvage a limb in one of these patients was successful but
with persistent nerve damage and muscle loss. The other
patient required a primary below-knee amputation. A
missed diagnosis of popliteal artery injury, blunt or pene-
trating, is important because the experience of Reed et al16
demonstratedminimal limb loss when unequivocal physical
findings allow prompt diagnosis and repair. The final delay
in diagnosis resulted from an iatrogenic event and required
an above-knee amputation shortly after attempted bypass
graft failure. In one series of pediatric arterial injury, 4
(67%) of 6 patients with a poor functional outcome had a
delay in diagnosis.13 King and Wise5 confirmed this impres-
sion for both penetrating and blunt injuries, especially
around the knee. Irrespective of the cause of the extremity
artery injury, a delay in diagnosis is of major concern and
often has dire consequences.
The risk of obtaining an angiogram to confirm and plan
vascular repair in injured children is not taken lightly, being
cognizant of the increased risk of thrombotic complica-
tions, especially in children less than 5 years of age.17,18 No
patient in this series underwent diagnostic angiography
who was less than 7 years of age. Furthermore, angiography
to evaluate children is increasingly used only in difficult
situations.5 We agree with the opinion that patients with
obvious injury (bleeding and severe ischemia) should go
directly to the operating theatre.7,10,16 However, there are
difficult or equivocal cases in which angiography could
confirm the diagnosis and help to plan the best operative
approach.7,16,19 In the acute situation one useful indication
is in the patient with a severe crush injury involving exten-
sive soft tissue involvement.5 The child whose legs were
crushed under a large wooden picnic table is one such
patient, and angiography did define a patent distal vessel,
even though noDoppler signals were present. Angiography
might help to plan an operation in a nonemergency setting
(patient 2) in which other modalities (duplex and magnetic
resonance angiography) cannot clearly define the distal
anatomy. Clearly improvements in established modalities
(duplex) and newer modalities (ie, magnetic resonance
angiography and computed tomographic angiography) are
replacing standard angiography in many instances and will
in children as well.20 At the time of this study, angiography
was the definitive study in our center but is not currentlyrecommended if other modalities can establish the diagno-
sis and be used to help plan the operation.
The patency of small-diameter, long-length vein arte-
rial bypass grafts used for lower extremity limb salvage in
children is not well documented in the literature. One
external jugular vein bypass in this study failed as a result of
a delay in diagnosis, extensive distal thrombosis, and mus-
cle ischemia that eventually necessitated an above-knee
amputation. The remaining 3 reverse GSV bypass grafts are
patent (ankle/brachial index 1.0, n 3) without stenosis
or dilation by means of duplex evaluation (n  2) after a
mean of 35.6months (range, 21-49months). In 2 cases the
bypass was performed because no other conduit was avail-
able to span the distance required. The remaining patient
presented late with claudication and pseudoaneurysm after
a minor bicycle accident and required a significant length of
conduit for reconstruction. A similar presentation of de-
layed pseudoaneurysm formation after minor blunt trauma
to the popliteal fossa has been reported and was successfully
repaired with a vein bypass graft.21 Most experienced vas-
cular surgeons faced with a severely damaged femoral or
popliteal artery will use reverse GSV without hesitation.
Guzzetta22 specifically mentions 3 such repairs undertaken
for blunt trauma and describes the use of the saphenous
vein in penetrating trauma. Furthermore, he mentions that
the distal saphenous vein is sufficiently large in children
greater than 10 kg to use as a free graft. The child with
propeller injury to the thigh required the use of the distal
saphenous vein because it was the only graft of sufficient
length available. The graft remains patent without dilation
at 3 years of follow-up.
There was concern that these veins would demonstrate
dilation over time, much as has been described previously in
renal artery reconstructions.23-25 Fayiga et al,11 de Virgilio et
al,10 and Evans et al13 describe 1, 16, and 14 reverse vein
bypass grafts for lower limb vascular reconstructions with no
mention of dilation, but the follow-upwas short or difficult to
discern. Reed et al16 have performed 4 GSV bypass grafts to
reconstruct the popliteal artery for blunt and penetrating
trauma with no limb loss for a follow-up of 10 to 42 months.
The mean or median follow-up was not mentioned, and no
evaluation for graft dilation was mentioned, but palpable
pulses and normal sequential pressures and wave forms were
obtained at postoperative office visits. Richardson et al6 com-
mented, in a reply to questions, that his group has noted no
reverse GSV bypass dilation in their series of 7 cases. A recent
study by the University of Michigan group has the longest
follow-up of lower abdominal–lower extremity autogenous
saphenous vein bypass grafts in the literature.26 Only one
patient was operated on for lower extremity trauma and re-
quired a popliteal-popliteal artery bypass graft. However, also
mentioned was a femoropopliteal and popliteal-posterior tib-
ial artery bypass. Only one of these grafts demonstrated mild
but progressive dilation at 23.7 years of follow-up but only
reached 48% dilation (50% was considered aneurysmal). The
other 2 bypasses demonstrated no dilation at 11.8 and 26.1
years after implantation. No vein graft dilation or stenosis has
been noted in our 3 bypass grafts to date. On the basis of all
above
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mal dilationor occlusionof saphenous vein bypasses limited to
the extremities in children, even with long-term follow-up.
The only mortality resulted from a fall off a porch, with
resultant severe head injury; this case was the only case
requiring primary amputation without an attempt at recon-
struction. Unfortunately, this patient is one of the 1.6% of
deaths resulting from accidental falls in children, all of
which were caused by intracranial trauma.27
Childhood lower extremity vascular injury is not a
common occurrence in the experience of most vascular
surgeons, which makes its management problematic. This
retrospective study found that blunt trauma accounted for
50% of the injuries and highlights the risk of diagnostic
delay that might lead to a poor outcome. Penetrating and
iatrogenic injuries can be challenging technically but are
usually readily recognized and repaired. Invasive diagnostic
studies have a limited role in these cases. Finally, a techni-
cally sound lower extremity venous bypass, performed for
even extensive arterial injuries, can have an excellent chance
of patency and freedom from dilation for at least several
years.
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atency (mo)
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Major
amputation
F/U
(mo) Addendum
BKA
21 NA No 21
0 49 No 49 Insensate
lower leg
37 NA No 37
0 NA AKA 36
5 N/A No 5
knee amputation.child
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